Background--Though left ventricular mass (LVM) predicts cardiovascular events (CVD) and mortality in African Americans, limited data exists on factors contributing to change in LVM and its prognostic significance. We hypothesized that baseline blood pressure (BP) and body mass index (BMI) and change in these variables over time are associated with longitudinal increases in LVM and that such increase is associated with greater incidence of CVD.
C ardiac structure as determined by echocardiography, is a powerful independent predictor for cardiovascular disease (CVD), morbidity, and mortality in African Americans, including in the high-risk Jackson cohort of the Atherosclerosis Risks in Communities (ARIC) Study. [1] [2] [3] [4] This is of particular concern given the higher prevalence of cardiac hypertrophy (elevated left ventricular mass [LVM] ) in African Americans compared with non-Hispanic white Americans. 5, 6 It is unclear what factors contribute to the longitudinal progression of LVM in African Americans and if such progression of LV mass confers a greater risk of CVD events. Limited data suggest that change in body mass index (BMI) and blood pressure (BP) are key determinants of longitudinal changes in LVM over a 20-year period in the young biracial Coronary Artery Risk Development in Young Adults (CARDIA) Study. 7 It is unclear if the same factors are important in middle-aged adult African Americans or in the short-run (less than 20 years duration). On a parallel note, data from the Losartan Intervention for Endpoint Reduction in Hypertension randomized trial indicate that regression of LVM in treated hypertensive subjects is associated with improved CVD prognosis. 8, 9 However, the prognostic significance of change in LVM in community-dwelling middle-aged African Americans remains unknown. The Jackson cohort of ARIC and the Jackson Heart Study provide a unique opportunity to study these questions. We hypothesized that greater BMI, BP, and increase in these variables over time are associated with longitudinal increase in LVM over time, and that this change in LVM portends an adverse prognosis in middle-aged African Americans.
Methods
The study population consisted of participants who were members of both the Jackson cohort of the Atherosclerosis Risk in Communities Study (ARIC) and the Jackson Heart Study. The ARIC Study is a prospective cohort study that was initiated in 1987 and focused on identifying the distribution and determinants of cardiovascular vascular disease (CVD) risk factors and events in 4 US communities (Forsyth County, North Carolina, Minneapolis, MN, Washington County, MD, and Jackson, MS). 10 Echocardiograms were performed in the Jackson (all African American) cohort at Exam 3 between 1993 and 1996. The Jackson Heart Study initiated in 2000 as an extension and expansion of the original Jackson cohort of the ARIC study. A total of 5301 participants were recruited, of which approximately 30% were surviving members of the Jackson cohort of ARIC. 11 Echocardiograms were performed at Examination one of the Jackson Heart Study between 2000 and 2004.
Participants were eligible for the current investigation if they received a transthoracic echocardiogram at both the examinations and had available data on key covariates (N=609). After excluding participants with previous myocardial infarction (MI) and missing covariates (n=3), 606 participants (67% women) were eligible for the present investigation. Informed consent was obtained and the research protocol was approved by the institutional review board of the Mississippi Medical Center for both the ARIC study and the Jackson Heart Study.
Covariates
For the current study, clinical covariates used in the analysis included age, sex, BMI, and systolic BP while lifestyle factors included education level, smoking status, heavy alcohol drinking, and physical activity. Covariate data was obtained both at the baseline and at the follow-up examinations. Changes in continuous covariates between baseline and follow-up were included in the analysis assessing change in LVM.
BMI was defined as the weight divided by the height in meters squared (kg/m 2 ). Daily alcohol consumption were assessed by the validated food frequency questionnaires 12 and participants were defined as alcohol drinkers if they drank more than 14 drinks per week (men) or more than 7 drinks per week in women. Physical activity index was based on answers to questions related to exercise, sports, and recreational activities during interviews at annual followup. 13 Educational level was dichotomized for this study as either: (1) no high school degree or (2) high school/GED or higher. Smoking status was determined on interview and for this investigation classified as a dichotomous variable (current smoker-yes/no). BP among treated hypertensive participants was imputed by adding 10 mm Hg to systolic BP and 5 mm Hg to diastolic BP to account for treatment. 14 
Echocardiographic Variables
In the ARIC study 2D, M-mode echocardiograms were performed by trained sonographers using the Acuson 128XP/10c equipped with 2.5, 3.5, and 5.0 MHz transducers. Reading of the echocardiogram was performed by one experienced cardiologist (T. N.S.). The intra-and intersonographer correlation of M-mode LVM was 0.94 and 0.82, respectively. The intra-reader correlation of M-mode LVM was 0.98. 15 In the Jackson Heart Study echocardiograms were performed by 4 experienced sonographers using an HP 4500 (Hewlett Packard, Andover, MA) equipped with a 2.5 MHz transducer. Reading was performed by one experienced cardiologist with level III training in echocardiography (TES). 16 For quality control, comparisons of readings were performed with outside expert readers (PL). For the M-Mode measurements of LVM index, the correlation coefficient between readers was 0.70. For the study, LVM was calculated using the American Society of Echocardiography corrected formula by Devereux 17 as follows:
where IVST is interventricular septal wall thickness in diastole, PWT is posterior wall thickness in diastole, and LVIDD is left ventricular internal diameter in diastole. LVM was indexed to height 2.7 (LVMI) to adjust for body habitus. 18 
Cardiovascular Events
For this study, presence of a CVD event was defined as the first occurrence of any of these 4 major CVD outcomes (MI, fatal coronary heart disease [CHD], congestive heart failure, and stroke) or any of the 2 non-major outcomes (incident angina or intermittent claudication) between the date of the second echocardiogram and 2010. (See Figure) Individuals with history CVD between 1993 and the second echocardiogram (n=41) were excluded from this analysis. Incident MI, fatal CHD, congestive heart failure, and stroke were determined through adjudication, while intermittent claudication and incident angina were determined from records on annual follow-up.
Annual follow-up records on Rose angina and intermittent claudication questionnaires were used to determine incidence of these events.
Cardiac remodeling was defined as change in standardized log indexed LVM between baseline and follow-up echocardiogram (see Figure) .
Statistical Analysis
We constructed multivariable linear regression models to describe the relationship between baseline and follow-up LVM while adjusting for relevant baseline clinical correlates (age, gender systolic and diastolic BP, BMI) and lifestyle factors (ie, education, drinking, sports index, and smoking). Changes in continuous clinical correlates only between baseline and the follow-up cycle were also included in the model. Due to the skewed distribution, we log-transformed and standardized LVMI within sex to obtain z scores. All continuous clinical correlates were also converted into z scores before analysis. The standardization of LVMI (and other covariates) facilitates the assessment of change in LVMI without errors introduced by change in echocardiographic instrumentation and readers over time, and the logarithmic transformation renders similar standard deviations of LVMI for men versus women. 19 In additional analyses, we used log-LVMI and standardized within sex in a Cox proportional model to predict the first major cardiovascular events after confirming the assumption of proportionality of hazards. For these analyses (of incident GED indicates general education degree; LVMI, left ventricular mass index. *The mean follow up period was 9.3AE1.9 years (median follow-up=10 years).
CVD), covariates were defined at JHS examination 1 (with the exception of change in log-LVMI), and included age, sex, smoking, total cholesterol/HDL cholesterol ratio, and diabetes. We explored the structure of the relation between CVD events and log-LVMI by the use of regression cubic splines. For all statistical analyses we used SAS â software (SAS, 2005).
Results
The study sample consisted of 606 African-American participants (mean age at baseline 58AE6 years, 66% women). Table 1 displays the characteristics of our study sample at baseline and at the follow-up examination, an average of 9.3AE1.9 years apart (median follow-up=10 years). Participants without an echocardiogram at either or both examinations (and therefore excluded from our investigation) tended to be significantly older and had higher BMI. The other clinical correlates and lifestyle factors were not significantly different (Table 2) . Sex-specific characteristics of the study sample are displayed in Table 3 . We observed significant bivariate ageadjusted Spearman's correlations of follow-up standardized log-LVMI with baseline standardized log-LVMI (P<0.0001), BMI (P<0.0001), systolic BP (P=0.0003), and education (P=0.0001) ( Table 4) . Education was inversely correlated to change in standardized log-LVMI whereas the other correlates were directly related. The highest correlation was with baseline standardized log-LVMI.
Correlates of 8-Year Change in LVMI
As presented in Table 5 , 3 of the baseline clinical correlates (standardized log-LVMI, BMI, and systolic BP) and change in systolic BP were significantly associated with an 8-year change in standardized log-LVMI. Of the lifestyle factors, education only showed a significant (P=0.0267) association with LVM on follow-up. Overall, baseline standardized log-LVMI explained 16% of the inter-individual variation in LVM on follow-up.
Association of 8-Year Change in Standardized LVM With Incidence of CVD
During the 10-year study period, there were 81 CVD events (50 of which occurred in women). Among the CVD events, 21 were strokes, 20 were myocardial infarction, 17 were CHF, 10 were cardiac revascularization procedures, 5 were intermittent claudication, and 3 were incident angina. Distribution of correlates among those with and without CVD events stratified by sex in shown in Table 6 . Results of multivariable sex-pooled Cox proportional hazard regression analysis relating change in standardized log-LVMI to incidence of CVD on follow-up are presented in Table 7 . A unit SD increase in delta log-LVMI was significantly associated with increased hazard ratio (HR) for CVD event [1.31 95%CI ([1.18, 1.93) ], P=0.0011). Using penalized cubic . LVMI indicates left ventricular mass index. *Significant correlation between age and sex adjusted variables and 8 year change in standardized log left ventricular mass index. regression splines of risk of CVD event by change in standardized log-LVMI after multivariable adjustment (results not shown); we observed a non-linear relation between small changes in log LVMI and the risk of CVD events. Thus, we expressed log-LVMI into quartiles and collapsed the second and third quartiles into one group and made it the reference. As shown in Table 4 , the risk of CVD events was significantly higher for greater changes in standardized log-LVMI. These findings suggest that cardiac remodeling represented by change in standardized log-LVMI affected CVD outcome in our study sample.
Discussion Principal Findings
Over a follow-up period of 8 years between echocardiogram examinations, we observed that BMI and systolic BP at baseline and BP increase over time were associated with progression of standardized LVM. Further, over a 10-year follow-up after the second echocardiogram; increase in standardized LVM between visits was associated with incidence of CVD events including MI, stroke, heart failure, and death. These findings are disturbing given the high rates of hypertension and obesity in the African-American population predisposing them to cardiac hypertrophy. Evidence from the present investigation provides support that the risk factors (BMI and BP) may play a major role in the ethnic difference in incidence rates of LV hypertrophy and that the subsequent progression of cardiac mass independently predicts CVD outcomes. This investigation underscores the need for better BP and weight control in African Americans to prevent progressive cardiac remodeling and subsequent future CVD morbidity and mortality. Additionally, we confirm the findings from the 20-year longitudinal investigation led by Gidding et al. from the CARDIA Study by showing similar clinical determinants for progression in LVM in our middle-aged predominantly African-American study over a shorter-term follow-up (8-year versus 20-year). 20 
Blood Pressure and Body Mass Index Impact on Change in LVM
The etiology of cardiac damage with increased BP is complex and includes pressure overload, circulating and local factors such as angiotensin II, catecholamines, and endothelin, which promote vascular and myocyte growth, increased connective tissue deposition and collagen cross-linking characterized by both perivascular and interstitial fibrosis.
21,22
Hypertension and obesity both cause a state of overload (pressure and volume respectively) leading to increase in myocardial fibrils to compensate for increasing wall stress. 23 However, in addition to the biomechanical stress associated with hypertension and obesity, several of the biological pathways implicated in promoting these conditions directly influence cardiovascular structure over time and can induce an increase in LVM and vascular remodeling. Among these pathophysiologic pathways are: (1) increased activity of the sympathetic nervous system (SNS), (2) overproduction of sodium-retaining hormones and vasoconstrictors (endothelin and thromboxane), (3) long-term sodium intake, (4) increase or inappropriate activation of the renin-angiotensin-aldosterone system (RAAS), (5) deficiencies of vasodilators such as prostaglandins and nitric oxide, insulin resistance, and (6) increased activity of vascular growth factors.
24-28
The SNS is activated in obesity and SNS activity contributes to an increase in BP and the development and maintenance of hypertension through stimulation of the heart, the peripheral vasculature, and kidneys causing increased cardiac output, increased vascular resistance, and fluid retention. 29 Chronic sympathetic stimulation induces vascular remodeling and LV hypertrophy by actions of norepinephrine on its receptors as well as the release of vascular trophic factors including transforming growth factorb, connective tissue growth factor and fibroblast growth factor. 26, 27 Similarly, activation of RAAS is associated both with hypertension and obesity, and this biological pathway has direct effects that induce cardiac hypertrophy. 22, 30 Both angiotensin II and aldosterone induce hypertrophy and hyperplasia of cardiac myocytes and vascular remodeling and both mediators stimulate the release of a number of growth factors and cytokines. 21, 30, 31 Thus local RAAS and alternative pathways of RAAS contribute significantly to the development of target-organ damage.
Mechanism Linking Change in LVM to CVD
In African Americans and other ethnic groups LV hypertrophy is associated with increased CVD after adjusting for traditional risk factors including hypertension. 3, 4 One explanation is that as LVM progresses there is an increase in myocardial oxygen demand which in the presence of occlusive CHD and impaired coronary flow reserve make an individual more susceptible to myocardial ischemia and heart failure. 23, 32 Subsequently, patients with LV hypertrophy are at increased risk of CVD due to a myocardial oxygen supply -demand mismatch. CVD events in these patients result more frequently because their hypertrophied hearts consume higher amounts of oxygen but receive lower coronary blood flow due to CHD and to a greater resistance to diastolic flow to the myocardium in the less compliant ventricle. 23 Vascular remodeling of smaller vessels occurs along with cardiac remodeling in response to biomechanical stressors and activation of biological pathways and mediators. 27 Vascular remodeling may explain the relation of cardiac hypertrophy to claudication and stroke. With remodeling in small arteries there is an increase in large artery stiffness and accelerated atherogenesis resulting in an increased risk of vascular-related target organ damage. 27 
Limitations
In the current study, there were a large number of participants (N=775) who received echoes at only 1 of the 2 visits and were therefore excluded from the present analysis. Comparison of that group to the study sample show a significant difference in the prevalence of obesity at baseline and followup; however there were no statistically significant differences in the other covariates. This is not surprising as more obese participants are more likely to have uninterpretable echocardiograms due to poor acoustic windows. Therefore, there may be a selection bias introduced as a result of our study sample being less obese compared with the more general population. This limitation is counterbalanced by the advantage of being able to assess change in standardized LVM and its independent impact on incident CVD events in a large prospectively followed community-based sample of African Americans.
Implications
ARIC investigators published a 20-year follow-up of participants from the first examination of the community and observed the prevalence of those meeting criteria of ideal cardiovascular health based on the American Heart Association's 2020 impact goals. They subsequently tracked the incidence of CVD outcomes in both African and European Americans in the cohort who met those goals. Investigators found that only 0.1% of participants, and fewer African Americans, had all 7 metrics at ideal levels, consistent with the national data. 33 These findings support the primary need to aggressively lower the risk factors burden in African Americans to change the growing racial disparity in CVD outcomes in the US. Our study findings suggest that change in cardiac mass may be an important intermediate phenotype that plays a role along the pathogenetic pathway from risk factors to CVD outcomes. BP and BMI are key modifiable risk factors that appear to play an important role in longitudinal cardiac remodeling in African Americans. These risk factors should be the major focus for preventive measures in this high-risk group based on the current investigation.
Conclusion
In our community-based sample of African Americans, we observed that baseline BMI and BP, and change in BP over time was positively associated with change in LVM over an 8-year period. Increase in standardized LVM was associated with greater risk of CVD events over a 10-year follow-up after the second echocardiogram. These findings underscore the need for greater control of BP and weight through diet and exercise to prevent development of cardiac hypertrophy and related risk of CVD events in this high-risk group.
